The temporal variation of the electron density distribution observed by radio soundings at Rio Grande, Brazil during the eclipse of November 1966 has been analyzed. Using five models of chemical reaction coefficients and the lower boundary values of neutral constituents, the variation of an 'equivalent' temperature has been calculated. The equivalent temperature is that resulting from a minimization (over a range of heights and times) of. the mean-square residual differences between the observed aN/at and the values calculated from the continuity equation. The equivalent temperature variations thus calculated may involve implicitly the effects of diurnal variations in the lower boundary values of neutral constituents and vertical drift velocities as well as the actual temperature variations. Assuming that the difference of the variation of the equivalent temperature between the eclipse and control day is mainly due to the difference of the vertical drift velocity, the additional vertical drift velocity on the eclipse day has been calculated; it is largely upward and starts to rise about 30 min. before the ground eclipse for all five models. A simple model calculation indicates that this additional upward velocity could be caused by the effect of the reduced conductivity in the lower dynamo region during the eclipse.
Introduction
The analysis of the effects of solar eclipses on the ionospheric F2 region has made considerable progress since electron density profile data have become available as a time series during the eclipse. Although it is sometimes difficult to detect changes in the maximum electron density (NmaxF2) accompanying the eclipse, the electron density at fixed heights always shows a remarkable change from the control day variation. This is demonstrated in Fig. 1 , which depicts the temporal variation in the electron density at several chosen fixed heights obtained from radio soundings at Rio Grande (52 10'W, 325'S, dip angle= 30 18'), Brazil during the eclipse of November 12, 1966. The variation in NmaxF2 is illustrated by thick curves. We shall not discuss the experimental nor the data-reduction program here, other than to note that a new prototype ionosonde (the D-1) was employed, and that the ionograms were reduced by the method described by Paul (1966) , Howe and McKinnis (1967) and Wright (1967) .
Electron density profiles have been analyzed by Savitt (1950) , Minnis (1956) , and VanZandt et al. (1960) for different eclipses. Most authors assume that the disappearance of electrons occurs by an attachment-like process in the height range of analysis, and deter-(323) and A.R. LAIRD mine the effective value of the attachment coefficient Q at various heights; it ranges from 10-4 to 6.8x10 4sec-1 at 300km. Although no temporal variations have been considered, the Q is essentially time-dependent because the temperature and the neutral atmosphere change with time.
Temperature variations and motions of the neutral or the ionized components have also been ignored in these past studies. The analysis of the eclipseof October 12, 1958 at Danger Is., central Pacific (VanZandt et al., 1960) indicated that the photochemical processes alone adequately accounted for the time variation of electron density during that eclipse, but this probably would not be the case for most other eclipses. The time constant for the loss of electrons in the F region seems to be too large to avoid significant motion effects during an eclipse lasting only about two hours. Thomas and Robbins (1956) have tried to evaluate the transport term turnsing the production and loss rates for electrons tentatively suggested by Ratcli ff e et al. (1956) . The same general temporal variation of transport has been obtained for the three eclipses. However, their attachment coefficient is determined by the nighttime electron density variation and is smaller than any other values determined by eclipse data.
In this study, a more general form of the loss term is used and various terms in the continuity equation are evaluated based upon current knowledge of solar radiation fluxes, chemical reaction coefficients, diffusion parameter, and upper atmospheric composition.
Assuming that the temporal variation in the neutral atmosphere does not change much Fig. 1 Observed temporal variations in the electron density at various fixed heights on the eclipse and control day. The variations in the maximum electron density NmaxF2 are shown by thick curves. The control day data are obtained by the composite method (Wright, 1962) Since there were no direct observations of the variation of the solar EUV radiation during the eclipse, the ionization term is calculated on the assumption that the rate of photoionization is proportional to the area of the visible sun at the altitude of the ionosphere; solar radiation fluxes are taken from rocket observations near solar minimum (Hinteregger, 1967) , and the absorption and ionization cross-sections are those from the table given by the same author (Hinteregger et al., 1935) .
The loss term is evaluated by the L function given by Shimazaki (1965) ,
where brackets indicate the number density of each molecule, and A, and ai denote reaction coefficients of the following chemical reactions,
Equation (2) is more general than the pure attachment-like form and is applicable to the transition region between the Fl and F2 layers. The diffusion term is identified separately from other transport terms; it requires the diffusion parameter b(=DAEni), where DA is an assumed ambipolar diffusion coefficient and n1 the number density of the i th neutral constituent. The remaining transport term in this paper thus explicitly excludes diffusion and should describe motions due to other transport processes.
The evaluation of Q, L, and the diffusion term depend upon the assumption of a neutral atmosphere mode as well as upon solar radiation fluxes, chemical reaction coefficients, and diffusion parameter. Since the neutral atmospheric density and temperature were not observed on or near the eclipse day at Rio Grande, we have used models calculated by the following assumptions: the temperature profile increases exponentially from a fixed value (355K) at 120km to the exospheric temperature Tco; the exponent of the exponential function is given as a function of T. by Jacchia (1964) ; the height distribution of each neutral constituent is in diffusive equilibrium above 120 km, where number densities of O, O2, and N2 are assumed. Thus, in our analysis, the neutral atmosphere model can be calculated as a function of T0. alone.
To evaluate each term of (1) five models are considered in the present study; these are listed in Table 1 . The underlined values are those obtained by laboratory experiments or rocket observations. Chemical reaction coefficients in models 2-5 are taken from laboratory measurements which are summarized by Ferguson (1967) , while those in model 1 are assumed in accord with Nicolet (1963) to meet the mass-spectrometric observations of neutral constituents by rockets. a1 and a2 have been assumed as 2x10-7300 and 10-7300 cm3 sec-1, respectively, for all models. Two values have been used for b at 1000K; the larger value, 1.5x1019 cm-lsec-1, is calculated from the probability of charge exchange, which is based on potential energy curves obtained by a semiempirical valance-bond method using spectroscopic data (Knofet at., 1964) . The number densities of O, O2, and N2 at 120km in models 1 and 2 are assumed to be the same as mass-spectrometric values observed by rockets in June 1963 (Hedin et al., 1964) .
The values in our model 3 are taken from the atmospheric model by Norton et al., (1962) .
Since this model appears to have too much 0 in comparison with the recent observations (VanZandt, 1967) , [O] 120 is reduced by half in our model 4. In model 5, [0] 120 is assumed to increase linearly from 6x1010cmr3 at 8:00 to 1.8x1011cm-3 at 14:00. The reason for assuming this variation will be discussed later. The present analysis is concerned with a period of about 5 hours centered on the eclipse maximum, and with an 80 km range of heights extending to within 20km of the F2 layer and T, and the vertical drift velecity w. We will call this temperature the "equivalent temperature", T v.
Applying the same procedure to the eclipse day we find a quite different variation of Tv. Among the principal differences between the eclipse and control day, we assume that the atmospheric model and uneclipsed solar radiation energy are about the same, and that the significant difference appears as an additional vertical drift effect. We then calculate the additional vertical drift velocity during the eclipse. We assume for further simplicity that w is independent of height in the range treated. While the procedure and assumptions used here are admittedly crude, we find that each of the 5 models agree in requiring an additional drift effect of substantial magnitude with similar temporal variations. These results are given and discussed in the following section.
Results and Discussion
The temporal variations of Tv on the control day are calculated for the five models listed in Table 1 ; the result is shown in Fig. 2 . Most of these models give a maximum value of Tv at 10-11 hrs.; this would suggest that the effects of the lower boundary conditions and would be hard to justify.
The temporal variation of Tv on the eclipse day, shown in Fig. 3 , is very different from that+on the control day. The difference between the two days is illustrated in Fig. 4 , from which it is interesting to see that the apparent Tv on the eclipse day is considerably higher than the control day Tv for all modes. It is not, of course, reasonable to expect the increase of actual temperature in the eclipse represented by 4T v in Fig. 4 . Changes in the lower boundary conditions also cannot explain this result, as we should then need an increase of temperature in the atmosphere below 120 km, which is even less likely. Thus, it seems most probable that the increase of Tv on the eclipse day is caused by an additional vertical drift velocity attributable to the eclipse. After estimating the magnitude of this effect, we shall discuss its probable origin in the additional electrostatic fields generated near the region of eclipse totality in the dynamo region. Fig. 5 illustrates the vertical drift velocity on the eclipse day additional to that on the control day. Short period variations are not reliable, but there is a general tendency that the velocity is largely upward during the eclipse, particularly at the earlier phase of the eclipse. It decreases with time (becoming downward at the later phase of the eclipse on some models), and becomes almost zero after the eclipse.
A component of vertical drift velocity in the F region is produced by the electrostatic fields communicated along magnetic field lines from the lower dynamo region, where the geomagnetic Sq current flows. Based on the observed geomagnetic Sq variations, Maeda (1955) calculated this velocity; his result indicates upward velocity over the local time period 09:00-12: 00. Thus, our additional vertical drift occurs in the same direction as the vertical drift velocity produced by the usual Sq fields in the dynamo region.
It has been shown by Nagata et al. (1956) that the electrical conductivity decreases appreciably in the dynamo region during the eclipse. An additional polarization electric field therefore develops within the region of reduced conductivity in the same direction as the large scale electrostatic 'applied' field which is produced at lower latitudes by the dynamo action at higher latitudes. The large-scale field on the eclipse day should therefore not differ greatly from the control-day field at Rio Grande (21 12S 'geomagnetic latitude), but the additional polarization field in the eclipsed region should amplify the control-day field and its F-region effects. As a result, the additional upward drift velocity in the F region during the eclipse may be explained.
We now estimate roughly the effect of the reduced conductivity. Considering a two dimensional model of the thin dynamo region, we assume that the conductivity is reduced from a to a' in a circular region (radius r0), where a is the conductivity in the surrounding area. When the external field E0 is applied (say, to the east direction), the uniform polarization field parallel to E is produced inside the circle and is calculated as (3)
If a'=-1-as is obtained by Nagata et al. (1956) , the amplification factor of the electric field would be 4/3. The additional drift velocity near totality is about 8 m/sec for model 5 (see Special attention must be given to the fact that although the electric field is amplified in the circle by the reduced conductivity, the electric current will be decreased such that j'=6'E=--E0=2a'd+U1+6 ' (4) where j is the current for the non-eclipsed condition. If a=-, the reduction factor is 2.
Thus, the geomagnetic Sq variation observed on the ground should be diminished during the eclipse, contrary to the F2 region effect.
The polarization field outside the circle can be derived from a potential function (E+=-do) o=-a+6'r'a-a2S0a+6'r'a-a2S0 (5) where 0=0 is taken as the direction of E. The EW component of the field is calculated as (E+)EW=--aE-cos20a+ar (6) Although E+ is small and decreases rapidly with r, it is interesting to note that (E+)ER; has an opposite direction to E in the region within +45 from east or west direction. Thus, a small downward additional drift velocity may be expected at stations whose overhead F region is connected with the abovementioned region.
Since only the EW component of the electric field is effective in producing vertical drifts in the F region, the orientation (as well as the magnitude) of the additional polarization field is important in predicting the F region effect at particular stations.
Detailed calculation of the effect of the reduced conductivity is also complicated by the anisotropic character of the conductivity when the magnetic field is taken into account and by the short circuit effect at the conjugate point (dynamo region) in the northern hemisphere, where there is no reduction of the conductivity, and is not attempted here.
In Fig. 5 we can see that a large upward drift motion starts even 30 min.
before the onset time of the ground eclipse and becomes very small just after the end of the eclipse. This may be explained by the shape and size of the area of reduced conductivity. It is evident that the conductivity in the dynamo region is reduced over an area much greater than the shadow of optical totality on the ground (Nagata et al., 1956 ); we assume in Fig. 6 a pear-shaped boundary for this area moving along the direction of the eclipse path from NW to SE. The magnetic line of force through the F region over Rio Grande is connected with the dynamo region about 275 km to the south; P and Q in the F region on the eclipse path in Fig. 6 are connected with P' and Q' in the dynamo region, respectively. Thus, eclipse effects in the F region attributable to the polarization field will start at the time when the position of Rio Grande relative to the shadow is indicated by P and should taper away at the time when its relative position is indicated by Q.
Height distributions of various terms in the continuity equation are compared in Fig. 7 for the control and in Figs. 8 and 9 for the eclipse day. All figures illustrate the results at 11:10 (near totality) of model 5. In Figs. 7 and 8, the effect of vertical drift velocity is included implicitly in the evaluation of Tv. Fig. 9 calculates the effect of the additional w on the eclipse day explicitly. The thermal expansion and contraction term is calculated on the assumption that Tv is the actual temperature; this is not true, but the error will not seriously affect the calculation of aN/at, because the thermal term is small compared with other transport terms in our present case.
On the control day (Fig. 7) Q and L are the dominant terms and are well balanced with each other. On the eclipse day (Figs. 8 and 9 ), however, Q is extremely small at the times near totality and the transport terms play important roles in the continuity equation. The ion production due to causes other than the solar EUV radiation may be appreciable, but it should not be large enough to change this conclusion. Fig. 8 uses Tv determined for the A better coincidence between the observed and calculated aN/at can be seen in Fig. 9 than in Fig. 8 . The average value of the effective attachment coefficient a at 300km is also listed in Table 1 . It is found in our calculation that Q varies by a factor of about 3 during the period value of Q300 ranges from 7.6x10-5sec-1 in model 2 to 5.5x-4sec-1 in model 3, but the most probable value may be around 1.2x10-4sec-t in model 5.
Concluding Remarks
The increase of vertical drift velocity in the F region during the eclipse, over that on the control day has been calculated based upon five models of chemical reaction coefficients and the lower boundary values of neutral constituents. The results are in agreement for all models that the additional velocity is largely upward over Rio Grande; it amplifies the drift velocity on the control day. This amplification of the vertical drift velocity in the F region during the eclipse may be explained by the effect of an additional polarization electric field developed in the area of reduced conductivity in the lower dynamo region. The additional drift velocity might instead have become slightly downward if the F region were connected with some area adjacent to the region of reduced conductivity. It is therefore desirable to make eclipse observations of N -h profiles at several selected locations in order to test our theory.
Near totality of the eclipse, the ionization term due to EUV radiation is very small, and the transport terms due to diffusion and drift velocities are the largest competitive terms, whereas large ionization and loss terms are well balanced at the same local time on the control day. The ionization due to causes other than EUV radiation at the totality should not be large enough to change this conclusion.
As for the relative merit among the five models, model 2 gives the largest discrepancy between the calculated and observed aN/at. We therefore conclude, with other authors (Rishbeth, 1961; Ferguson, 1967; vonZahn, 1967) that the laboratory-determined reaction coefficients and mass-spectrometric values of neutral constituents (particularly atomic oxygen) observed by rockets are not compatible.
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